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Abstract 

The direct CP asymmetry in the untagged inclusive channel B Xg+dJ provides 
a strict test of the standard model. It has been shown beyond the partonic level that 
this asymmetry is negligibly small thanks to U-spin relations and to the unitarity of 
the CKM matrix. In the present paper we investigate this relation beyond the SM; in 
particular, we analyse to which extent deviations from this prediction are possible in 
supersymmetric scenarios. We analyse the minimal flavour violation scenario, including 
tan /3-enhanced terms and using the complete two-loop renormalization group running. 
Our analysis fully takes into account also the EDM constraints on the supersymmetric 
phases. We investigate possible correlations between the tagged and the untagged CP 
asymmetries and the indirect sensitivity of the latter to the B Xd'j CP asymmetry. 

Furthermore, we derive general model-independent formulae for the branching ra- 
tios and CP asymmetries for the inclusive B — > 7 and B Xs 7 modes, and update 
the corresponding SM predictions. We obtain: 

B[B ^ X,7] = (3.61 l^i^ ± 0.02CKM ± 0.24param. ± O.Mseale) X lO'^ , 



mc/mt 

Acp[B^Xsj] = (0.42 f'ofs , ±0.03cKMl|i-Ji 

trie Inn, 



par am. 
scale ^ 



^ Heisenberg Fellow. 



1 Introduction 



The CKM prescription of CP violation with one single phase is very predictive. It was 
proposed already in 1973 [1], before the experimental confirmation of the existence of the 
second family. Before the start of the B factories, the neutral kaon system was the only 
environment where CP violation had been observed. It has been difficult to decide if the 
CKM description of the standard model (SM) really accounted quantitatively for the CP 
violation observed in the kaon system, because of the large theoretical uncertainties due to 
long-range strong interactions. The rich data sets from the 5-factories now allow for an 
independent and really quantitative test of the CKM-induced CP violating effects in several 
independent channels. Within the golden B mode B^ — > J/ijjKs the CKM prescription of 
CP violation has already passed its first precision test; in fact, the measured CP violation is 
well in agreement with the CKM prediction [2,3]. 

Nevertheless, there is still room for non-standard CP phases. An additional experimental 
test of the CKM mechanism is provided by the mode B^ — > ^Ks- This mode is induced at the 
loop level only and, therefore, it is much more sensitive to possible additional sources of CP 
violation than the tree- level-induced decay B^ — > J/t/^Ks- However, the poor statistics does 
not allow to draw final conclusions yet [4.5]. Direct CP asymmetries in loop- induced AF = 1 
modes allow for additional precision tests of the mechanism of CP violation. Currently, these 
decays are less probed than AF = 2 transitions. However, very precise measurements of 
direct CP asymmetries in inclusive rare B decays, such as 6 — > s or & — > d transitions, will 
be possible in the near future and they are the focus of the present paper. 

Within the SM the direct CP asymmetry in the inclusive decay B Xg^ is expected 
to be below 1%. This is a consequence of three suppression factors: {%) Direct CP violation 
requires at least two interfering contributions to the decay rate with different strong and 
weak phases; thus, an factor is needed in order to generate a strong phase, (m) This 
interference receives a CKM suppression of order A^. {in) There is a GIM suppression of 
order {rriclmhY reflecting the fact that, in the limit rric — m„, any CP asymmetry in the SM 
vanishes. It will be rather difficult to make an inclusive measurement of the CP asymmetry 
in the h d channel. However, based on CKM unitarity, one can derive a U-spin relation 
between the direct CP asymmetries in the h d and the h s channel [6]. U-spin breaking 
effects are estimated to be negligibly small. This finally leads to the SM zero-prediction for 
the CP asymmetry in the untagged mode B — > Xs+dl [7, 8] . This zero prediction provides 
a very clean test, whether new CP phases are active or not. Any significant deviation from 
this prediction would be a direct hint of non-CKM contributions to CP violation. 

In the present paper wc analyse this relation within various general scenarios beyond 
the SM. In [9] the untagged CP asymmetry was already considered in a specific model with 
vector quarks. We will first focus on supersymmetric models with minimal fiavour violation 
and then consider a very general parameterization of new physics contributions. The first 
part of our analysis is, thus, based on the consistent definition of minimal fiavour violation 
recently presented in [10] in which all flavour and CP-violating interactions originate from 
the Yukawa couplings. This constraint is introduced using an effective field approach supple- 
mented by a symmetry concept and can be shown to be renormalization-group invariant. We 
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shall also extend consistently this definition by introducing flavour-blind phases. We realize 
the minimal flavour violating scenario in terms of a flavour-blind minimal supersymmetric 
standard model (MSSM) in which all the soft breaking terms are generated at the GUT 
scale. The case of general flavour violation is analysed in a model-independent framework. 
Taking into account the available experimental bounds on the B — > Xg^ branching ratio 
and on the corresponding direct CP asymmetry, we analyse possible correlations between 
the tagged and untagged measurements and their indirect sensitivity to the asymmetry in 
the B Xd-f. 

We also derive general model-independent formulae for the branching ratios and the 
direct CP asymmetries for the two inclusive modes B — > Xsj and B — > X^j, which also 
allow us to update the corresponding SM predictions. 

Let us summarize the experimental situation and prospects. The present experimental 
accuracy on the inclusive decay B — > Xg^ already reached the 10% level, as reflected in the 
world average of the present measurements [11-16]: 

B[B X,7] = (3.34 ± 0.38) x 10"^ . (1) 

In the near future, more precise data on this mode are expected from the 5-factories. In 
particular, the direct CP asymmetries are now within experimental reach. The first mea- 
surement of this asymmetry was presented by CLEO [17]; it is actually a weighted sum over 
the 6 ^ s and 6 ^ (/ channels: ^cp = 0.965 ^cp[-B Xsj] + 0.02Acp[B Xa'y], yielding 

Acp[B Xs-f] = (-0.079 ± 0.108 ± 0.022) x (1.0 ± 0.030) . (2) 

The first error is statistical, the second and third errors are additive and multiplicative 
systematics respectively. This measurement is based on 10^ BB events (on resonance); it uses 
fully inclusive and semi-inclusive techniques and implies —0.27 < Acp[B — > Xs'~f] < +0.10 
at 90% confidence level. The recent Belle measurement [18] uses semi-inclusive techniques; 
it is based on 15 x 10^ BB events (on resonance) and leads to 

Acp[B Xsj] = -0.004 ± 0.051 ± 0.038 , (3) 

where the first error is statistical and the second systematic. This corresponds to —0.107 < 
^cp < 0.099 at 90% confidence level. Very large effects are thus already experimentally 
excluded. Note that the same conclusion can be deduced from the measurements of the CP 
asymmetry in the exclusive B K*'y modes. The world average includes CLEO, Babar 
and Belle measurements and reads [19]. 

Acp[B K*-f] = -0.005 ± 0.037 . (4) 

We stress that the application of quark-hadron duality is, in general, problematic within a 
semi-inclusive measurement of CP- violating effects, if only 50% or 70% of the total exclusive 
modes are detected. In fact, the strong rescattering phases responsible for the presence of 
CP violation can be different for each exclusive channel. It is impossible to reliably quantify 
the resulting systematic uncertainty without a detailed study of the individual modes and 
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of their direct CP asymmetries. Therefore, a fully inclusive measurement of the untagged 
direct CP asymmetry, the observable on which the present paper focuses, is favoured. Such 
a measurement is possible because the experimental efficiencies within the inclusive 6 — > s 
and 6 — > d modes are expected to be equal. Recent analyses of the future experimental 
accuracy [20] expect a total integrated luminosity of about lab~^, by the end of BaBar and 
Belle; this translates into an experimental error on the CP asymmetries of order 3% ^. The 
potential of the so-called Super- 5-factories with an integrated luminosity of about 50ab~^ 
would even lead to an experimental uncertainty of about 0.5% [20]. 

The plan of this paper is as follows: in the next section we derive in detail the improved 
model-independent formulae for the branching ratios and the direct tagged CP asymmetries 
for the two inclusive modes B — > Xg'y and B — > Xa'y- Here we also present our new 
SM predictions there. In Section 3 we discuss the untagged CP asymmetry within the 
SM. In Section 4 we present our analysis within the minimal flavour violation scenario. 
Finally, Section 5 contains the corresponding model-independent analysis - followed by our 
conclusions. 



2 B ^ Xs, Xrf7 decays beyond the SM: 
branching ratios and CP asymmetries 

In this section we derive general model-independent formulae for the branching ratios and 
the direct tagged CP asymmetries for the inclusive B -^s,(i7 modes. Our main aim is to 
present explicit numerical expressions for these observables as functions of Wilson coefficients 
and CKM angles. The extraction of the latter from experimental data depends critically 
on the assumptions about the presence and the structure of new physics contributions to 
observables such as AMb^, AMb^, ^k-, o-ipKs- Therefore, the numerical expressions that we 
will present below in Eqs. (42) and (43) will be very useful in phenomenological analyses. 

For this purpose we generalize the SM results at the NLL level given in Rcf. [21] ^ in order 
to accommodate new physics models with new CP-violating phases as well as implement 
several improvements. We also update the corresponding SM predictions. 

Let us start with the generalization of the NLL formulae and also the discussion of the 
input parameters: 

• The general effective hamiltonian that governs the inclusive B — > Xq^ decays (g = d, s) 
in the SM is 

AC f ^ 2 \ 

H.^{h ^ q-i) = W \^C,{,i) ■ 0,(/.) + e, X:Q(/.) • (0,(/.) - Oni^))j , (5) 

^For semi-inclusive measurements the experimental error is expected to be even smaller. However, in this 
case, the additional systematic uncertainties discussed above must be taken into account. 

^Reference [21] presents a detailed discussion of the NLL QCD formulae, which are based on the original 
NLL QCD calculations presented in [22-24] and on independent checks of these calculations [25-27]. 
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where = (K6Kq)/(^t6^t9) and the operators are: 



07 = 



;m,{fi){qLa^MF'"', 



9s 



;rrn,{fi){qLT''a^ubR)G' 



We assume, within our model-independent analysis, that the dominant new physics 
effects only modify the Wilson coefficients of the dipole operators O7 and and 
also introduce contributions proportional to the corresponding operators with opposite 
chirality: 



R 



9s 



167r2 



mMiqRT^'a^MG' 



(7) 



• The branching ratio for B Xq^ can be parameterized as 



B[B X,7]g'X''^'^' 



B[B XceP] 



6ae 



exp 



ttC 



cb 



cb 



[P{Eo) + N{Eo) 



P{Eo) + N{Eo)\ (8) 
(9) 



where P{Eq) and N{Eq) denote the perturbative and the non-perturbative contribu- 
tions respectively. 



The pre-factor C in Eq. (9) is given by 



C 



ub 



cb 



r[B 



r[B ^ X^eP] 



(10) 



In Ref. [21], the authors present a detailed determination of C employing the T ex- 
pansion [28]. The uncertainties on C are dominated by the errors on the heavy quark 
effective theory parameter Ai and on the non-perturbative contribution to the T mass, 
A = mr/2 — ml^ , where ml^ is defined as half of the perturbative contribution to the 
T mass. Using Ai = (-0.27 ±0.10 ±0.04) GeV^ [28] and ml^ = (4.69 ±0.03) GeV [29], 
from which follows A'^/{mr/2) = (0.04 ± 0.03) GeV, the authors of ref. [21] obtain 
C = 0.575 (1 ± O.Olpert ± 0.02;^, ± 0.02a) = 0.575 (1 ± 0.03). In this analysis we prefer 
to increase the controversially small error on ml^ given in Ref. [29] (see the discussion in 
Sec. 7 of Ref. [30]). Moreover we increase the error on Ai in order to include the effects 

ratio. Our more conservative 



pole /™Polc 



of the unknown A.QQj^/mjy corrections to the 
error analysis leads us to C = 0.575 (1 ± O.Olp^t ± 0.04ai ± 0.04a) = 0.575 (1 ± 0.06). 
Using B[B XceP]exp = 0.1074 ± 0.0024 and ctem = 1/137.036, we finally obtain 

TV = 2.567 (1 ± 0.064) X 10-^ (11) 



4 



• In this paper we use the Wolfenstein parameters of the CKM matrix according to the 
fit presented in Ref. [31] (A = 0.2240 ± 0.0036, A = 0.83 ± 0.02, p = 0.162 ± 0.046, 
f] = 0.347 ± 0.027) and obtain 

0.9648 (1 ± 0.005) , (12) 

0.0412(1 ±0.10) (13) 

= (-0.0088 ± 0.0024) + i (0.0180 ± 0.0015) , (14) 

Sd = (0.019 ± 0.046) - i (0.422 ± 0.046) . (15) 

From these vahics it is obvious that CKM uncertainties are completely negligible in 
b —>■ sj transitions but play an important role in b ^ dj ones. 

• The non-perturbative contribution N{Eo) in Eq. (9) is not sensitive to new physics 
and we will use the numerical estimate of Ref. [21]: 
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VtWtb 
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VuVtb 



N{Eq) = 0.0036 ± 0.0006. (16) 

• The perturbative contribution P(-E'o) is defined by [21] 

IWK(.pr[6^X„ez7] 
This contribution can be parameterized in the following way: 

where is the top contribution to the b ^ q'y amplitude, contains the remaining 
contributions (including those from the operators O") and £ew ^-re the electroweak 
corrections; r(/io) is the ratio of the MS running mass of the bottom quark (m^^(/io)) to 
the IS mass (ml^). The expression r{fio) can be found in the appendix; /xq denotes the 
matching scale, typically rriw- Finally, the function B[Eq) contains the bremsstrahlung 
effects coming from the process b — > q-^g. 

• The contribution K^. is practically insensitive to new physics because the dominant 
new physics contributions change the dipole operator contributions only. The explicit 
form of Kc we use here is slightly different from the one presented in Ref. [21]; in fact, 
the inclusion of all two-loop matrix elements of the 4-quark operators, given in [32] , 
requires a small modification of the term proportional to e^: 



Vr 



do 



^-^P{E,) . (17) 

TT 



i^c + 1 + 



TT 



log 4 

mi 



r{iio)Kt + £e 



+ B{Eo 



(18) 



= Ki'^ + Ki''^+zKi''^ + (Ki''^+zKi''^)e,, (19) 
5 



where the quantities K^^ are real and their exphcit expressions are given in the ap- 
pendix; K^^^ and the sum of the K^^^^ are the LL and NLL contributions, respectively. 
Only the terms K^^^^ and K^^'^^ differ from Ref. [21]. This modification is only relevant 
to the b ^ d mode and is therefore not included in the NLL formulae of 



The top contribution Kf, however, must be generalized to include new physics with 
generic CP- violating phases. As already explained in Ref. [21] its expression coincides 
with Eq. (5.1) of Ref. [21] after the substitutions: 

cT\^o) - cJS-Vo) + c?;r{^o) = c?;r{,o) (20) 

where 

C?'''\f^o) = -lAl{x,)-f^ and C^'l/^o) = -^Fo*(-t) - ^ ■ (21) 

with Xt = (m((/xo)/m^)^. The functions Aq and are explicitly defined in [21]. Note 
that the terms proportional to log(/io/'"^t) have to be treated carefully [21]. 

It is convenient to parameterize the result as follows: 

Kt = ^ + X^'^ + , (22) 

where Kf^^ is the total LL contribution and K^^^ + iK[^^^ is the NLL one. The explicit 
i factor is the only strong phase present in the whole top contribution. These con- 
tributions can be further decomposed in terms of the total Wilson coefficients of the 
operators O^ s evaluated at the matching scale //q: 

^(0) ^ xf)+xf)cf)*°*(;,o) + xf=^)C'(°^*°* (;,„), (23) 

X« = irf^)+x(^C'r°*(/^o) + i^P^t7(°)*°*(/.o), (24) 

i^p = ii'f^)+ii'f^)cr°*(/^o). (25) 

We emphasize again that all the K^^^ are real, and we list them in the appendix. The 
Wilson coefficients in the SM are numerically given by 

Cf)^^(mt) = -0.189 and C^°)^^(mt) = -0.095 , (26) 

where we used mj''^^(mf^^) = (165 ± 5) GeV. 

In principle, one could add the NLL new physics contributions to the NLL Wilson 
coefficients by replacing C\^^^{iio) C'^^^{iiq) + C\^^^ {tJ-o)- However, in the nu- 
merical analysis, we set C^^^ {jJ^o) — and, thus, effectively describe all new physics 
effects by the LL Wilson coefficients Cf^. 

The electroweak corrections can be written as: 

= s3t^+^^r'(/.o)4i^)+cr'(/.o)e^ m 

where = 0.0071 is the SM contribution [21]; the formulae for e'^^^ can be found in 
the appendix. 
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• The function B{Eq) contains the bremsstrahlung effects coming from b — > s^g. Allow- 
ing for complex Wilson coefficients we get: 



^ I i<j=7 



i<j= 

i<j=i 



,(o)cfr 



eq(l)ij(5, 0) 



(28) 



=1,2 
=7,8 



where 5 = 1 — 2Eo/'mb, z = m^/ml, and the (f)ij{S, z) are given in the appendix. The 
Wilson coefficients Cj°'*'^^ are given in Eq. (E.9) of Ref. [21]. The inclusion of new 

physics contributions to the Wilson coefficients Cf^^ follows from the substitutions 
Eq. (20). Note that in contrast to the virtual contribution we have neglected the contri- 
bution of the QCD penguin operators, Oa-e, within the bremsstrahlung contribution 
whose impact on the branching ratio is at the 0.1% level [21]. Moreover, there are 
additional terms coming from the interference 0"2^0i^2 that have been pointed out 
for the first time in Ref. [33] . They are only relevant to the CP asymmetry within the 
6 — > d sector. However, we neglect them in this analysis because their contribution is 
below the per-cent level. 

It is straightforward to generalize our equations to include new physics contributions 
to the dipole operators with opposite chirahty given in Eq. (7). Note that Oy^g do not 

interfere with Oi_8 and Oi 2> hence terms linear in C7^(/Xo) and C8^(/Xo) are absent. 
The quadratic terms can be easily included using the following prescription: 



(O)tot* 



+ cT\^o) cT'\^^o) (^,J = 7,8) 



(O)tot* 



(29) 



m 



IS 



and 



Let us briefly comment on the choices of the scales yUf, and ^q. We take 
vary it by a factor of 2. Following Ref. [21] we use /xq = rnw in Kc and B{Eq), while 
/io = m^^(m^^) in Kt and r(/io)- For the new physics contributions to the Wilson 
coefficients we also use //q = m^^{m^^). 

The issue regarding the choice of the charm mass definition in the matrix element of 
O2 deserves a discussion. In Ref. [21], it is argued that all the factors of rUc come from 
propagators corresponding to charm quarks that are off-shell by an amount /i^ ~ ml- 
Therefore it seems more reasonable to use the MS running charm mass at a scale in 
the range {nic^mb). Here and in the following the reference values of the charm and 
bottom masses are rric = m^^(m^^) = (1.25 ± 0.10) GeV and nib = . We first fix 
the central value of nic — 1.25 GeV and vary /i; then we add in quadrature the error 
on nic {5m^ — 8%). The resulting determination is: 

nt 

— = 0.23 ±0.05. (30) 
nib 
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The pole mass choice corresponds, on the other hand, to ^ = 0.29±0.02. Note that the 
question of whether to use the running or the pole mass is, strictly speaking, a NNLL 
issue. The most conservative position consists in accepting any value of rric/mh that 
is compatible with any of these two determinations: 0.18 < rric/mb < 0.31. Taking 
into account all past NLL computations, we strongly believe that the central value 
TTic/frih = 0.23 represents the best possible choice, but wc allow for a large asymmetric 
error that fully covers the above range (and that reminds us of this problem that can 
be solved only via a NNLL computation): 

- = 0.231H^ . (31) 

After this discussion of the necessary generalizations of the NLL formulae, we present our 
SM updates of the branching ratios, the CP asymmetries, and our formulae for the model- 
independent NLL analysis. 



Wc collect first the SM predictions for the branching ratios using Eq. (31) and two 
different energy cuts: Eq = (1.6 GeV, m5/20). There arc four sources of uncertainties: 
the charm mass ((5mc/mJ, the CKM factors ((5ckm(s) = 0.5%, ScKuid) = 11%), the 
parametric uncertainty, including the one due to the overall normalization J\f, as and 
TTT't ((^paxam.) and the perturbative scale uncertainty (4caie)- Concerning the latter two 
errors, we follow the analysis of Ref. [21] and use (^param. = 6.4% and SgcaXe — 4%. 
For > 1.6 GeV we get: 



B[B ^ X,7] = 3.61 Ig:^^ ± 0.02cKM ± 0.24pa,am. ± 0.14,eale X 10"^ , (32) 



B[B ^ X,7] 
For E^ > mb/20 we get: 




+0 


24 




-0 


40 


mc 






mf, 


+0 


14 




-0 


21 


mc 








+0 


11 




-0 


18 


mc 



B[B ^ Xa^] = [ 1.38 ^^it ^ ± O.ISckm ± O.OQparam. ± 0.05,eaie ) X 10-^ , (33) 
B[B ^ Xd7] 



± 0.42cKM ± 0.08param. ± 0.15,eale X 10"^ . (34) 



"T-6 




± 0.02CKM ± 0.25pa.am. ± O.lSscale j X 10"^ , (35) 

B[B ^ Xai] = ( 1.46 ^ ± 0.16ckm ± O.lOpa^am. ± 0.06scaiel X 10-5 , (36) 
B[B ^ Xdi] 



B[B ^ X,7] 



+0 


26 




-0 


44 


mc 








+0 


15 




-0 


23 


mc 








+0 


11 




-0 


18 


mc 



± 0.43CKM ± 0.09pa.am. ± 0.153cale X 10"^ . (37) 



Note that the errors on the ratio R^s = B[B ^ X(f^]/B[B — > Xg"")] are dominated 
by CKM uncertainties. We remind the reader that, on top of the mentioned sources 
of error, the B — > X^^ mode is affected by the presence of non-perturbative w-quark 
loops whose effect is expected to be at most around 10% (see section VLB of Ref. [34] 
for a more detailed discussion). 
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• The direct CP asymmetries in B ^ Xg^ can immediately be extracted from the exphcit 
expression Eq. (9) for the branching ratio: 



^CP 



^ r[^ ^ x,7] - r[^ ^ Xgj] 
r[B ^ x,7] + r[B ^ x,7] 



ATg^ + AT 



(38) 
(39) 



where P{Eq) is defined in Eq. (18) and AVq^^qg^ are the contributions corresponding 
to the two terms in P{Eq) (virtual corrections and bremsstrahlung) and are given in 
the appendix. The rationale for normalizing the CP asymmetry, using the complete 
NLL expression for the CP-averaged branching ratio, relies on the observation that 
V[B ^ Xq'^] and r[i? — > ^^7] are distinct observables: we are, therefore, allowed to 
compute them independently to the best of our knowledge. 

The SM predictions are essentially independent of the photon energy cut-off [Eq] and 
read (for Eq = 1.6 GeV): 



AcAB^Xai] = 



0.44 t',^ 



-10.2 1^7 



± 0.03cKM iao9 



scale 



± 1-OcKM 



scale , 



(40) 
(41) 



The additional parametric uncertainties are subdominant. 

• Finally, we present our formulae for the branching ratios and CP asymmetries, in which 
the Wilson coefficients Cr,8{R) and all the CKM ratios are left unspecified: 



B[B^Xq^] = 



100 



+c 



cb 



a + a77{\R7\^+ |i?7|^) +a^Re(i?7) + 4lm(i?7) 



ttg Ke{Rs) + flg lm(i?8 



|eg|^ + al Re(eg) + a] lm{eq) 



+a^7 Re(i?gi?; + R^R;) + 4, Re(i?7ep + a^^ RciR^e^) 
+ai.j lm{RgRj + RgR^) + lm{R^e*) + Og^ Im(i?ge*) 



(42) 



Ab^q-y 
^CP 



Im 




100 




\ [B[B X,7] + B[B X,7] 


) 



where 



(43) 



-R7 s — 



and i?7,8 = 



(-f(O)NP 



(44) 
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NLL 


LL 


Eq 


L6GeV 


m6/20 


- 




0.23 


0.29 


0.23 


0.29 


- 


a 


7.8221 


6.9120 


8.1819 


7.1714 


7.9699 


077 


0.8161 


0.8161 


0.8283 


0.8283 


0.9338 




4.8802 


4.5689 


4.9228 


4.6035 


5.3314 


a\ 


0.3546 


0.2167 


0.3322 


0.2029 





^88 


0.0197 


0.0197 


0.0986 


0.0986 


0.0066 




0.5680 


0.5463 


0.7810 


0.7600 


0.4498 




-0.0987 


-0.1105 


-0.0963 


-0.1091 







0.4384 


0.3787 


0.8598 


0.7097 





< 


-1.6981 


-2.6679 


-1.3329 


-2.4935 







2.4997 


2.8956 


2.5274 


2.9127 







0.1923 


0.1923 


0.2025 


0.2025 


0.1576 


Ogy 


-0.0487 


-0.0487 


-0.0487 


-0.0487 





«76 


-0.7827 


-1.0940 


-0.8092 


-1.1285 





«76 


-0.9067 


-1.0447 


-0.9291 


-1.0585 





«86 


-0.0601 


-0.0819 


-0.0573 


-0.0783 





«86 


-0.0661 


-0.0779 


-0.0637 


-0.0765 






Table 1: Numerical values of the coefficients introduced in Eqs. (42) and (43). We give the 
values corresponding to E^ = (1.6 GcV, mb/20) and to mc/rrib — (0.23,0.29). In the last 
column we give the values obtained at LL. 

and the CP conjugate branching ratio, B[B Xg^], can be obtained by Eq. (42) by 
replacing Im(...) — > — Im(...). Explicit expressions for these coefficients in terms of 
the quantities introduced in Eqs. (19),(23)-(25),(27) can now be easily derived. Their 
numerical values are collected in Table 1. 



3 Untagged B Xs^dl asymmetry 

The unnormalized CP asymmetry for the sum of the partonic processes h {s + d)'-) vanishes 
in the limit of = = as was first observed in Ref. [6] . This is still valid for the weaker 
condition = m^, which corresponds to the so-called U-spin limit. However, any CP 
violation in the SM has to be proportional to the determinant 

det [A^;7 A^d] = iJ {ruu - rric) {ruu - rrit) {rric - rrit) {rud - rus) {ma - rub) {rus - rub) , (45) 
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where Aiu/D are the mass matrices for the up and down quarks and 

J = Im[K.K;K.K;J (46) 

is the Jarlskog parameter, which is the only fourth-order quantity in the SM invariant under 
rephasing of the quarks fields. If the down and the strange quark were degenerate, the SM 
would be completely CP-conserving, as can be seen from (45). Thus, the U-spin limit at 
the quark level does not make much sense with respect to CP asymmetries. However, one 
shall make use of this symmetry only with respect to the influence of the strong interactions 
on the hadronic matrix elements (in particular on the strong phases), while the down and 
strange quark masses are different. The unitarity of the CKM matrix implies 

J = Im(AWAW*) = -Im(A(f)Ai'^)*) , (47) 

where A^'^'-' = Vgfy*g,. As a consequence one finds in the U-spin limit for the hadronic matrix 
elements and for real Wilson coefficients the following relation for the rate asymmetries: 

Ar{B ^ X,7) + Ar{B ^ Xd^) = AP, + APd = , (48) 

where AP^ = AP(S ^ Xg-f) = T{B Xg^) -T{B X57). 

U-spin breaking effects can estimated within the heavy mass expansion even beyond the 
partonic level [7,8]: 

Ar{B ^ X,7) + Ar{B ^ Xrf7) = 6inc Ai^^ (49) 

where the right-hand side is written as a product of a 'relative U-spin breaking' bine and a 
'typical size' Ajnc of the CP violating rate difference. In this framework one relies on parton- 
hadron duality and one can compute the breaking of U-Spin by keeping a non-vanishing 
strange quark mass. A rough estimate of bi^c gives a value of the order of |6inc| ^ ml /ml ~ 
5 X 10~^, while |Ainc| is the average of the moduh of the two CP rate asymmetries. Thus, 
one arrives at the following estimate within the partonic contribution [7]: 

\AB{B ^ A:,7) + AB{B ^ ^^7)! - 1 • 10"^ . (50) 

Going beyond the leading partonic contribution within the heavy mass expansion, one 
has to check if the large suppression factor from the U-spin breaking, bine-, is still effective 
in addition to the natural suppression factors already present in the higher order terms of 
the heavy mass expansion [8]. In the leading l/m^ corrections, the U- spin-breaking effects 
also induce an additional overall factor m^/m^. In the non-perturbative corrections from 
the charm quark loop, which scale with one finds again the same overall suppression 

factor, because the effective operators involved do not contain any information on the strange 
mass. Also the corresponding long-distance contributions from up-quark loops, which scale 
with AqcB/nT'b, follow the same pattern [34]. 

Thus, in the inclusive mode, the right-hand side in (50) can be computed in a model- 
independent way, with the help of the heavy mass expansion, and the U-spin breaking effects 
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can be estimated to be practically zero ^. Therefore, the prediction (50) provides a very clean 
SM test, whether generic new CP phases are active or not. Any significant deviation from 
the estimate (50) would be a direct hint to non-CKM contributions to CP violation. This 
implies that any measurement of a non-zero untagged CP asymmetry is a direct signal for 
new physics beyond the SM. 

A simple expression of the untagged CP asymmetry is given by: 

where EF^ = T{B —>■ Xgj) + r{B Xgj) and Rds — SFc^/EFs (AF^ is defined above). 

From Eq. (51) again one easily derives that in the SM the untagged asymmetry Ac-p{B — >■ 
Xg^ii'y) vanishes identically: CKM unitarity and the reality of the Wilson coefficients in the 
SM imply AF. = c^lV^slIme^ and AF^ = Cd\Vtd\lmed where = {V*gV^,,) / (V^gV^,,) . The 
U-spin symmetry for the hadronic matrix elements then implies Cg = Cd and one gets finally: 

A^^{B ^ X,,di) oc Im (6, + \VJVJ e,) = . (52) 

We first note that recent experimental results from BABAR [36] , put the following upper 
limit on the ratio of exclusive B decays B —>■ K*j and B ^ fry 

R{fn/K*^) = ^f^^^^K*]) - ■ ^^^^ 

Assuming Rds ~ R{frf / K*^) one can conclude that all new physics models, in which the 
B Xg'j CP asymmetry is ~ 5%, also predict a sizeable untagged asymmetry Acp{B 
Xs+dl) ~ Acp{B — > ^^.7). The only exception is the case of a cancellation between the 
two terms in (51), which is only possible for Acp{B — > ^^7) ~ 100%. These considerations 
lead to the following general questions: (i) To which extent are the untagged CP asymmetry 
Acp{B — > Xs+dl) and the tagged CP asymmetry Acp{B Xg'y) correlated? (ii) To which 
extent can the untagged CP asymmetry Acp{B Xg^dl) be sensitive to the CP asymmetry 
in the d sector Acp{B ^^7)? 

Clearly, predictions for the normalized CP asymmetries in B ^ ^sjdl beyond the SM are 
rather model-dependent [37,38]. For example, supersymmetric predictions depend strongly 
on the assumptions for the supcrsymmctry- breaking sector [37,38]. However, especially for 
the untagged CP asymmetry, specific properties can be identified within general classes of 
models. In the following sections we analyze the above questions in various supersymmetric 
scenarios, namely in so-called minimal flavour violation models with and without additional 
sources of CP violation. Moreover, we study also general flavour violation models using a 
model-independent approach. 

''The analogous SM test within exclusive modes is rather limited, because U-spin breaking effects cannot 
be calculated in a model-independent way. Estimates [8,35] lead to the conclusion that the U-spin breaking 
effects are possibly as large as the rate differences themselves. 
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4 CP asymmetries within minimal flavour violation 



4.1 RG- invariant definition of MFV 

In the analysis of FCNC processes beyond the SM, especially within supersymmetry, the 
additional assumption of minimal flavour violation (MFV) is often introduced. MFV is 
then loosely defined as: 'all flavour changing interactions are completely determined by the 
CKM angles'. Especially in a renormalizat ion-group equation (RGE) approach, the naive 
assumption of MFV is problematic, since it is not stable under radiative corrections and 
calls for a more precise concept. In ref. [10], a consistent definition was presented, which 
essentially also requires that all flavour and CP- violating interactions are linked to the known 
structure of Yukawa couplings. The constraint is introduced with the help of a symmetry 
concept and can be shown to be RGE invariant, which is a crucial ingredient for a consistent 
effective field theory approach. 

In fact, it is well known that the maximal fiavour symmetry group of unitary field trans- 
formations allowed by the gauge part of the SM Lagrangian, U{3)^, can be decomposed in 
the following way 

Gf = SU{3)1 SU{3)j U{1)b U{1)l ® U{1)y ^ U{1)pq U{1)e^ , (54) 

where 

SU{3)1 = SU{3)Q,^SU{3)u^^SU{3)n^, (55) 
SU{3f^ - SU{3)l^®SU{3)e^ . (56) 

The subgroup SU (3)^ SU {3)j (g) U{1)pg ® U{1)er is broken by the Yukawa part of the 
SM. Nevertheless, one can formally promote the group to an exact symmetry by assuming 
that the Yukawa matrices are vacuum expectation values of dimensionless auxiliary fields 
Y[/, Yd, and Ye transforming under SU(3)q SU(3)£ as 

Yu ~ (3, 3, l)su(3)3 , Yd ~ (3, 1, 3)su{3)3 , Ye ~ (3, 3)su(3)2 ■ (57) 

By definition, an effective theory satisfies the MFV criterion if all higher-dimensional oper- 
ators, constructed from SM and Y fields, are invariant under CP and (formaUy) under the 
flavour group Gp- Thus, MFV requires the dynamics of flavour violation to be completely 
determined by the structure of the ordinary Yukawa couplings. This also means that all CP 
violation originates from the CKM phase [10]. We note here that one can extend this con- 
sistent concept of MFV by adding flavour-blind phases. In this case CP is not only broken 
by the CKM phase but also by these additional phases. However, the important property of 
renormalization-group invariance of the concept of MFV is untouched. 

The hierarchical structure of the CKM matrix and of the Yukawa couplings restricts the 
number of relevant operators signiflcantly. This leads to one of the key predictions of the 
MFV: the existence of a direct link between the b s, b ^ d and s d transitions. This 
prediction, within the AF = 1 sector, is deflnitely not well tested at the moment. 
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4.2 Flavour-blind supersymmetric models 
with and without extra phases 



In supersymmetric theories a necessary condition for the fulfillment of the MFV requirement 
is that all soft SUSY-breaking terms can be diagonahzed by superfield rotations. Note that 
this is a non-trivial statement, because the two matrices Vl and Vr, which diagonalize the 
soft SUSY-breaking masses squared for the left and right squarks, respectively, must also 
diagonalize the left-right mixing matrix. Provided that the above statement is correct, 
one can put all the information on fiavour changing couplings inside the Yukawas of the 
superpotential 

Yt^^VcKuDLYuU},, Y^'^^^DlYdD^r. (58) 

A sufficient condition for the MFV concept to be realized is that Dl, Ur and Dr are unit 
matrices. If we allow for additional phases, these are unit matrices times a phase. 

We realize both options for MFV models, with and without additional phases, by a 
fiavour-blind Minimal Supersymmetric standard model (MSSM) with conserved R-parity, 
where all the soft breaking terms arc generated at the GUT scale and evolved to the clcc- 
troweak scale by two-loop RGEs [39-41]. We define the soft breaking terms at the GUT 
scale as 

(Mf = Ml 5,, (a = g, U, D, L, E) 
Ml,, Ml^ 

e^'t'-Ma (a = 1, 2, 3) (59) 

where i,j are family indices, the Y^^ are trilinear scalar couplings and Y} denote the Yukawa 
matrices; are the soft SUSY breaking masses for the sfermions. In contrast to the analysis 
in [42], we do our analysis within the most general fiavour blind analysis and do not assume 
any additional constraint on the soft breaking terms such as universality or SU (5) symmetry; 
Mffi and represent the Higgs soft breaking masses and B mixes both Higgs doublets. 
Beside the parameters Aa, B, Ma of Eq. (59) also fj, can be complex, yielding a total of six 
phases. Two of these phases can be eliminated because of a Peccei-Quinn symmetry and 
an R-symmetry [43]. We work in a basis where B and M2 are real. For simplicity we also 
assume that the remaining gaugino phases are real. 

Our fiavour-blind assumptions at the GUT scale (59) are compatible with the general 
MFV scenario. In fact, the two properties, namely that the soft contributions of the scalar 
mass are universal in generation space and that the trilinear soft terms are proportional to 

Yukawa couplings, are sufficient conditions for MFV. At an arbitrary scale, however, the 
physical squark masses are not equal, but the induced fiavour violation is still described in 
terms of the usual CKM parameters. Having used the RG equation we arrive at the following 
mass terms for left sfermions: 

(Mj),, = Ml, X [a^6,j + a?{YuY^),j + a^{YnYl),j + . . .] (60) 
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Owing to the hierarchical structure of the flavour parameters, the higher order terms in 
are numerically strongly suppressed. Analogous statements about the other sfermion mass 
parameters as well as the trilinear couplings are also valid. 

As mentioned above we now consider two options in our analysis. In the first scenario, 
we put all flavour-blind phases in (59) to zero; thus, we are then in the strict MFV scenario, 
where the only source of CP violation is the CKM matrix. In the second scenario, we keep 
the phases for the A-parameters and for /x. However, then we have to take into account 
the constraints of the electric dipole moments (EDM) of the electron and of the neutron. 
Contrary to the SM, where the EDMs occur at the higher loop only and the theoretical 
predictions are very small, the SUSY contributions appear already at one-loop order leading 
to theoretical predictions, which in general exceed the experimental bounds. The resulting 
strong constraints on the complex phases within SUSY models reflect the well-known SUSY- 
CP problem^. We will investigate how the EDM constraints restricts the ranges for the CP 
asymmetries in the b system. 

4.3 Numerical analysis 

In this section we present our numerical results for the CP asymmetries for the two scenarios 
discussed before. Before proceeding we briefly summarize the main procedure to calculate 
the parameters at the clcctroweak scale. The gauge couplings gi, g2, Qz and the Yukawa 
couplings are calculated in the DR scheme by adopting the shifts given in [45]. In case of 
the top and bottom Yukawa couplings, we include the two-loop gluonic part [46] in the shifts. 
In the case of the bottom and tau Yukawa couphngs, we resum the SUSY contributions as 
proposed in [47-49]. 

These parameters are evolved to Mgut using two-loop RGEs [39-41]. At two-loop order 
the gauge couplings do not meet exactly [50,51]; the differences are due to threshold effects at 
the unification scale Mgut and leave us with an ambiguity in the definition of Mgut- In this 
paper we define Mgut as the scale where gi = g2 in the RGE evolution. At the scale Mgut 
the boundary conditions for the soft SUSY-breaking parameters are imposed. All parameters 
are evolved to Msusy = y/^^HJ^ using two-loop RGEs. At this scale the masses of all SUSY 
particles are calculated using one-loop formulae (which are a three-generation extension of 
those presented in [45]). In the case of the masses of the neutral Higgs bosons two-loop 
contributions as given in [52, 53] arc included. The absolute value of ^ is, as usual, obtained 
from radiative electroweak symmetry breaking while its phase is completely arbitrary. Here 
we have included the complete one-loop contributions [45] as well as the leading two-loop 
contributions given in [53]. The complete procedure is iterated until the resulting masses 
change by less than one per-mill between two iterations. For further technical details on the 
procedure see [54]. 

Once a stable solution has been found, the couplings are evolved from Msusy to rritirrit), 
where the contributions to the Wilson coefficients are calculated and then to my/ where the 

^Note, that the constraints for the electron EDM are less severe once additional phases for flavour violating 
parameters are taken into account [44]. 
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EDMS are calculated. In the second scenario with complex phases, we take into account the 
constraints due to the bounds on the neutron EDM and the electron EDM: 

\dn\e^p < 6 X 10~^^e cm , [delexp < 7 X lO'^^e cm . (61) 

The calculation of the neutron EDM is performed in two different neutron models, the Chiral 
Quark model and the Quark-Parton model, to get an estimate of the involved theoretical 
uncertainty. Here we have used the formulae for both models as presented in [55]. We 
select the points within the supersymmetric parameter space, which are compatible with 
the constraint on the neutron EDM in the following way: the phases in the trilincar terms, 
4>Au and 4>Ao, (see Eq. (59)) are randomly chosen, and then the phase of the parameter fi is 
chosen such that the experimental constraint on the neutron EDM is fulfilled for at least one 
of the two neutron models. Finally, the experimental bound on the electron EDM, induced 
by the phase of /i and can be fulfilled by an appropriate choice of the latter phase. 

For the numerical results presented below we have varied the parameters in the following 
ranges: 



tan P 


e 


[2,50] 


(62) 


Ml/2 


e 


[100, 1000] GeV 


(63) 


n Ma 


e 


[100, 1000] GeV (a = Q, U, D, L,E, i = 1, 2) 


(64) 




< 


y3(M2 +M2+MiJ 


(65) 


\M 


< 


^3(M2 + Ml, + MiJ 


(66) 


1^1 


< 


^3(M| + M| + M|,J 


(67) 



The range of the A parameters is restricted to avoid the danger of colour and/or charge 
breaking minima. 

Scanning the parameter space of the MFV scenario without extra flavour-blind phases as 
described above, we find that the untagged CP asymmetry is completely unaffected. From 
Fig. 1 we see that there are only tiny effects at the 0.02% level. This shows the stability of 
the strict MFV concept in running from the GUT scale down to the electroweak scale, via 
fourteen orders of magnitude, due to the hierarchical structure of the flavour parameters. 
We also note that the tagged 6 — > s CP asymmetry allows for a bigger (~ ±0.2%) but still 
unobservable deviation from the SM value. 

Allowing for extra flavour-bhnd phases for the A- and \x parameters at the GUT scale, 
significant larger effects in the untagged asymmetry are possible, as can be seen in Fig. 2 
where we present the results of the parameter scanning. In all the plots, the black (green) 
points have been obtained with (without) requiring the EDMs constraint. In Fig. 2a we 
plot the untagged asymmetry as a function oi B{b ^ sj). One clearly sees that possible 
effects are still much below the 5% threshold, in particular if the EDM constraint is imposed. 
Therefore, a clear discrimination between minimal and general flavour models is still possible 
via the untagged CP asymmetry as we will explore more concretely in the next section. In 
Fig. 2b, we show the strong correlation between the untagged and the tagged 6 — > s CP 
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Figure 1: Untagged CP asymmetry in the MFV scenario without fiavour-bhnd phases. 



asymmetry Supersymmetric contributions to the magnetic and chromo-magnetic Wilson 
coefficients are complex, but identical for the s and d sectors: Cj = and Cf = C| to a 
very high precision. These relations then imply a strong correlation between the new physics 
contributions to the normalized CP asymmetries. They also imply that the ratio R^s does 
not deviate appreciably from its SM value: Rds ~ Rds^ ■ This implies linear proportionality 
between tagged and untagged CP asymmetries: 

Acv{B ^ X,/,7)fl„biind ~ ^^^^^ Z ^'^^ ~ ^cp(S ^ ^.7) ■ (68) 

-L + J^ds 

The scatter plot in Fig. 2c shows no direct correlation of the untagged CP asymmetry to the 
tagged one in the h ^ d mode. 

We conclude that, with respect to a minimal flavour-violating scenario, there is no the- 
oretical reason to make an extra effort to measure the tagged CP asymmetry in the b ^ s 
mode, if the untagged CP asymmetry is measured: the untagged measurement represents 
the cleaner test of the SM. We also stress that a very high precision would be needed in 
order to separate MFV scenarios with and without flavour-blind phases by a measurement 
of the untagged CP asymmetry. 



5 Model-independent analysis of CP asymmetries 

The model-independent formulae of the CP asymmetries Eqs. (42) and (43), based on the 
operator basis of Eq. (6), allow us to analyze new physics scenarios considerably more general 
than the minimal flavour-violating MSSM. Taking into account the experimental bounds on 
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Figure 2: Untagged rate asymmetry in the MFV scenario with non- vanishing flavour-bhnd 
phases. The EDM constraint is relaxed for the green points and imposed on the black ones. 
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Figure 3: Model-independent analysis with new physics in C. 
tagged and untagged CP asymmetries. 



BR(b^sy)x10^ 

Correlation between the 



the B — > Xs'j branching ratio and CP asymmetry given in Eqs. (1) and (2), we investigate 
the untagged CP asymmetry. In particular, we analyze possible correlations between the 
tagged and the untagged measurements and their indirect sensitivity to the CP asymmetry 
in the B Xd'j mode, which will not be directly measurable in the near future. 

Within this model-independent analysis, the 6 — s or 6 — >• d sectors are uncorrected and 
described by the Wilson coefficients Cyg and Cyg, respectively. In the following we study 



two distinct scenarios in which either C^g or Cyg are allowed to differ from their SM values. 
These scenarios are very different from any minimal flavour- violating model (not necessarily 
within a supersymmetric framework) in which the d and s sectors are always correlated: 

MFV 
'^7,8 — '^7,8- 

We summarize the results of the analysis of the scenario with new physics in Cj g in the 
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scatter plots presented in Fig. 3. The points are generated varying ^{fio) in the complex 
plane and imposing the experimental constraints B X^'-f and B X^g. The latter, in 
particular, provides the following loose constraint onto C| [56]: |C|(/io)/C|'^^^(/io)| < 10. 

In this scenario, the B — > Xg'j CP asymmetry receives large contributions and, indeed, 
it saturates the experimental bound given in Eq. (3). Since the b d sector is unaffected, 
we expect a strict proportionality between the tagged and untagged CP asymmetries, as can 
be seen from Fig. 3a. In Fig. 3b figure, we show in detail the difference between the tagged 
and untagged CP asymmetries as a function of the B Xs^ branching ratio. We see that 
the difference between the two asymmetries is always below 1.3%. Note, finally, that the 
difference between the two CP asymmetries is always positive; in fact, 

l + Rds l + i?d, ^ ' 

In the second scenario, new physics is present only in the d sector and we are able to 
explore the sensitivity of the untagged CP asymmetry to possible novel effects in the 6 — > d 
mode. From Fig. 4, it is clear that such sensitivity is very restricted; even for very large new 
physics effects in the 6 — > d CP asymmetry or branching ratio, the untagged asymmetry does 
not exceed values of 2%. In each figure, the shaded band represents the SM predictions for 
Aq^{B X(f-i) and for the ratio Rds- Figure 4a shows the correlation between branching 
ratio and CP asymmetry in 5 — > X^pf. In Figs. 4b and 4c, we illustrate the correlation 
between the B — > X^"^ branching ratio and the untagged CP asymmetry and between the 
tagged and the untagged CP asymmetry respectively. 

We cross-checked our model-independent analysis in a general flavour violation scenario 
within supersymmetry, using the mass insertion method. The mass insertion approxima- 
tion is a well-known useful tool to study the effect of the large number of flavour- changing 
parameters present in the MSSM. The idea is to move into a basis in which the Yukawas 
are diagonal without introducing relative rotations between particles and the corresponding 
superpartners (i.e. we consider rigid superfield transformations). In this so-called super- 
CKM basis, the squark mass matrices are non-diagonal and represent generic new sources of 
flavour-changing neutral currents within the MSSM. We can then expand the physical ampli- 
tudes in powers of these off-diagonal elements, assuming that they are small with respect to 
the diagonal entries. A given process is thus dominated by only few of these mass insertions. 
A comprehensive analysis of all the insertions for the CP asymmetries in the spirit of the 
analysis [57,58]) is beyond the scope of the present analysis. However, we analyzed gluino 
contributions with non- vanishing {m\j^2z ("^i/?)i3 ^^"^ their chiral analogue. We always 
consider mass insertions normalized to the average down squarks mass, i.e. 



fe)23 = ^^4# and &)i3 = ^^4#, (70) 



where we choose in ~ 500 GeV. Moreover, we have taken into account bounds on the mass 
insertions induced by all the various experimental constraints (see Ref. [59] for a detailed 
description). In the two separate scenarios in which either (5fij)23 7^ or {S'lj^i^ 7^ 0, 
we have not found any significant deviation from the model-independent results presented 
above. 
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Figure 4: Model-independent analysis with new physics in Cy §. Correlation between the 
branching ratio and CP asymmetry in i? — >■ X^'y and the untagged CP asymmetry. The 
shaded areas corresponds to the SM prediction. 
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6 Conclusions 



We have presented updated SM predictions for the branching ratios B Xq'-f {q = s, d) 
and the corresponding CP asymmetries together with model-independent formulae that can 
be used to study the impact of generic new physics interactions on these observables. We 
have shown that the untagged CP asymmetry, i.e. the CP asymmetry in the B —>■ Xs+dJ 
mode, is extremely sensitive to new physics contributions. In the SM, in fact, this observable 
is negligibly small thanks to U-spin relations and to the unitarity of the CKM matrix and 
allows for a clean test, whether additional CP phases are present or not. 

Using the mo del- independent formulae, we have analysed the untagged CP asymmetry in 
several scenarios beyond the SM. We considered the MSSM with minimal flavour violation 
and a model with generic contributions to the Wilson coefficients Cy and Cg. 

MFV models are characterized by the requirement of expressing all flavour-changing 
interactions in terms of powers of the Yukawa matrices. In a first stage, we assumed the 
CKM phase to be the only CP phase present at the grand unification scale. In this restricted 
scenario we find that the untagged CP asymmetry receives only very small contributions: 
this class of models cannot be distinguished from the SM with the help of this observable. 
Subsequently, we allowed the fi and A parameters to be complex. After the EDM bounds 
are taken into account, only asymmetries below the 2% level survive and we find a strict 
proportionality between the untagged {B Xg^dl) and tagged {B Xg^) CP asymmetries. 
The task of distinguishing these two MFV scenarios is beyond the possibilities of the existing 
5-factories but should be within the reach of future experiments. 

In the model-independent approach, we have allowed for new physics contributions to 
the s and d sectors independently. In the first case, the untagged CP asymmetry can be as 
large as ±10%, once the recent experimental data from Belle on the CP asymmetries are 
taken into account; more importantly, we found that the tagged and untagged asymmetries 
are again strictly proportional to each other. In the second case with new physics in the d 
sector, we have not found untagged CP asymmetries larger than 2%: this implies that the 
untagged CP asymmetry is not really sensitive for new physics effects in the d sector. 

With the expected experimental accuracy of ±3% at the i?-factories, a clear distinction 
between a minimal and a more general flavour model is possible through the untagged CP 
asymmetry. 
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Appendix 



We collect the explicit expressions for many of the quantities introduced in sect. 2: 

• The ratio of the MS running mass of the bottom quark (m^^^(/io)) to the IS mass 
(mf) is [21] (//o = mt): 



0.1185 



4.69 



1.25 



U65 



4.69 



0.006 



• The charm contribution of the perturbative part is given by : 
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where 77 = as(/Uo)/as(/W6), /9o = 23/3, 2; = (mc/mt)^; the magic numbers a^, dfc, d^, 0?^, 
(i^, rf^'^ can be found in Table 2 of Ref. [32] and the functions a{z), b{z) are presented 
in Appendix D of Ref. [21]. 



• The leading order top contribution is: 
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The next-to-leading order top contribution is: 
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where the numbers and the functions A\ and are given in Ref. [21]. 

The electroweak contributions are [60-63]: 
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• Finally, the bremsstrahlung functions 0(5,-2) appearing in the expression for B{Eq) in 
Eq. (28) coincide with the functions given in Appendix E of Ref. [21] with the only 
exception of 027 (and consequently also of 0i7, 028 and 0i8) which has to be replaced 

by 



027 ((^) 
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where G{t) is given in Eq. (E.8) of Ref. [21]. 
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The functions in Eq. (39) are given by 



AFg, = 2Im 



(88) 

.^(0)^(1)^^] . (89) 



In comparing with the results given in the first reference in [37], we note that zh{z, 5) — 
9/(87r)Im[(/)27((^)]. 
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